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Abstract—Software development is a complex activity which
depends on diverse technologies and people’s expertise. The
approaches to developing software highly depend on these
different characteristics, which are the context developers are
subject to. This context contains massive knowledge, and not
capturing it means knowledge is continuously lost. Although
extensively researched, context in software development is still
not explicit, nor proposed into a broader view of the context
needed by software developers and tools. Therefore, developers’
productivity is affected, as the ability to reuse this rich context
is hampered. This paper proposes a literature review on context
for software development, through nine research questions. The
purpose of this study is making the discovered context explicit
into an integrated view and proposing a platform to aid software
development using context information. We believe supporting
contextual knowledge through its representation and mining
for recommendation and real-time provision can significantly
improve big data software project development.
Keywords: Software engineering, context, adaptive context,
software development, literature review.
I. INTRODUCTION
Software development in traditional and big data projects
is a complex knowledge-intensive [1] effort [2]: there is a
broad number of different technologies involved in software
development. Documentation for the technologies used is
everywhere, i.e., Tutorials, Stack Overflow, GitHub, Project
Wikis, API Tutorials, and others. Moreover, as a human-
centred task [3][4], software development endures diverse
practices, based on different software developers’ expertise,
personal interests, gender [5] [6], how developers manage
stress [7], as well as other software development aspects. The
approach each software developer take when performing their
tasks highly depends on these different characteristics and the
context in which developers are. Treating this context as a
first-class construct has been pointed out as being essential [8],
which can lead to transformative changes in how developers
can perform their work.
The information generated or handled by software devel-
opers is often massive, and the domains in which software
developers work also vary. In addition, software development
context is provided in different formats, such as different
supporting repositories (e.g., GitHub for code, issue track-
ers), natural language communication (e.g., code comments,
GitHub comments, emails, meeting reports) and many oth-
ers. Although having recognized its importance demonstrated
through the high number of research works in this topic, the
substantially variable context in software development is still
not explicitly captured, nor proposed as a seed to a unified
adaptive framework that can generate recommendations to
software developers. In other words, this context is not cap-
tured in a more comprehensive model that can be used as a
basis to support the development of an adaptive framework to
provide in-depth contextual knowledge to software develop-
ment throughout a project life cycle.
We believe it is essential to understand and capture this
context so that adaptive context recommendations about rele-
vant software development information could be provided to
developers. The recommendation allows developers to focus
on creative tasks other than on how to execute a specific
procedural task or wondering what they should do next.
Framing this problem as a big data problem brings awareness
regarding the possible volume of information that is expected
to be dealt with, as well as the velocity of information capture
that is necessary. Moreover, the variability of context formats
is also an aspect to be considered. Examples of relevant
contextual information are the next artifact to be edited or read,
an API tutorial, a code snippet, or the knowledge from another
developer, of the team or not. To create the grounds for this
work, we propose a literature review of context in software
development, and through the information collected in this
literature review, propose a preliminary context-augmented
framework for software development projects.
To achieve the goal of being able to recommend context
in software development projects using an adaptive context
framework, we believe we have to pursue the following steps:
1) Identify the context: Literature Review (LR) of context
in software development;
2) Model the context: propose a model based on the
information retrieved from the LR;
3) Propose a preliminary framework that captures software
development context and is able to adapt itself to con-
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textual changes.
In this paper, we aim to identify the types of software
development context through a Literature Review to lay
the foundations for this work and propose a preliminary
framework to address the presented problems. The following
Research Question is investigated in the literature review:
What types of context have been identified by researchers
in software development projects?. This research question is
divided into nine other research questions, detailed in Section
II. The information retrieved from the articles is presented in
Tables IV and V.
This paper is structured as follows. Section I presents an
introduction to the discussed subject. The Research Method,
which grounds the research methodology, presenting a Lit-
erature Review, is provided in Section II. The proposed
framework is described in Section III. Conclusions and future
work are presented in Section IV.
II. LITERATURE REVIEW
In this section, we present the Literature Review (LR)
towards identifying articles that depict contextual information
in software development projects. The research method for
the literature review is divided into two different steps. First,
we performed a search string search, presented in Section
II-A. Second, we performed backwards snowballing withing
the retrieved papers, presented in Section II-B. This section
ends with a discussion of the findings in the LR.
A. Search String Search
1) Planning Phase: Literature Reviews are a standard
method to obtain evidence on a particular subject, and provides
categorized results that have been published in a specific
research area [9] [10]. The literature review reported in this pa-
per was conducted to gather the state-of-the-art in the literature
regarding current articles that propose research in contextual
information for software development, to better understand the
use and variability of diverse contexts in software engineering.
2) Research Objective and Research Questions: The pro-
tocol suggested [9] uses the GQM approach [11] to define a
goal for a literature review. According to the GQM approach,
the goal of this literature review is to:
analyze software development
with the purpose of characterizing
regarding software developers’ context
from the point of view of researchers
in the context of software projects
Emerging from the defined objective, the research question
this literature review aims to answer is RQ: What types of
context have been identified by researchers in software
development projects?
This question aims to determine the state of practice and
lay the foundations for this work. Specifically, we pursue the
following characteristics of software development context in
the literature:
RQ1: What are the types or classifications of context? Is
there any type or classification of the context subject of the
retrieved article from the literature?
RQ2: Is there a model specification technique used? Is there
a model specification for the proposed context, for example,
an ontology, a model extension or other types of models?
RQ3: What are the goals or purpose of context? In this
research question, we aim to retrieve the purpose or the goals
of the context subject of the retrieved article.
RQ4: In what step or phase of the software development
does the context focus on? In traditional software development,
there are different development phases, such as coding, testing,
analysis and others. If a paper identifies the phase where the
context can be applied, we want to capture this information
and make it explicit.
RQ5: Is there any evaluation(s) performed? With this spe-
cific research question, we are exploring if any evaluation was
performed in the proposed context or the context’s purpose.
RQ6: Are there identified limitations or gaps when using
context? If there are any identified limitations provided within
the context proposal or utilization, we also aim to make this
information explicit in this literature review.
RQ7: What are the advantages or disadvantages of this
context? We want to explore the pros and cons of the context
retrieved from the literature.
RQ8: How are the context instances mined With this
research question, we are looking for the uses of the context
and if they were mined to retrieve other processed information
such, for example, as a recommendation.
RQ9: Are there any proposed abstractions? With this
research question, we are looking for abstractions of the pro-
posed context within the retrieved article from the literature.
For creating the search string, we have used PICO, proposed
by Pai et al. [12]. The search string is presented in Table I.
TABLE I
SEARCH STRING CREATION PROCESS WITH PICO [12].
(P)opulation: Software developer in software development
Keywords: (Programmer OR (software AND (developer
OR tester)) OR (”software development
project” OR ”software development
environment”)
(I)ntervention Control: Context
Keywords: (context OR ”event based” OR ”self adapt”)
(C)omparison: None
(O)utcome Measure: Methodology
Keywords: tool* OR system* OR recommend*
Having the PICO defined, the search strings for each
database is SQ: (Programmer OR (software AND (developer
OR tester)) OR (”software development project” OR ”software
development environment”) AND (Context OR ”event based”
OR ”self adapt” OR skill OR ”team size” OR ”organizational
structure” OR ”organizational structure” OR situational OR
”application type” OR ”type of application”) AND (tool* OR
system* OR recommend*).
In terms of article selection, inclusion and exclusion criteria
were proposed. These criteria consider articles:
• Within a Software Engineering scope;
• About software development;
• That talk about software development projects;
• That present studies of context in software development;
• That are NOT about IoT or hardware.
3) Execution Phase: The initial set of articles were re-
trieved from the ACM Digital Library in August 9th, 2019.
The execution phase returned 135 articles. After reading title
and abstract, 18 articles were selected for full reading. The
complete list of selected articles is presented below. The list
shows the year of publication, authors and publication title.
1) 1987 - Marzullo, Keith; Wiebe, Douglas - Jasmine: A
Software System Modelling Facility;
2) 1988 - Alpern, Bowen; Carle, Alan; Rosen, Barry;
Sweeney, Peter; Zadeck, Kenneth - Graph Attribution
As a Specification Paradigm;
3) 1990 - Goldberg, Allen - Reusing Software Develop-
ments;
4) 1990 - Baker, P. L. - Ada As a Preprocessor Language;
5) 2004 - CˇubraniC´, Davor; Murphy, Gail C.; Singer, Jan-
ice; Booth, Kellogg S. - Learning from Project History:
A Case Study for Software Development;
6) 2006 - Mikulovic, Vesna; Heiss, Michael - ”How Do I
Know What I Have to Do?”: The Role of the Inquiry
Culture in Requirements Communication for Distributed
Software Development Projects;
7) 2006 - Rosener, Vincent; Avrilionis, Denis - Elements
for the Definition of a Model of Software Engineering;
8) 2007 - de Oliveira, Kleber Rocha; de Mesquita Spı´nola,
Mauro - POREI: Patterns-oriented Requirements Elici-
tation Integrated – Proposal of a Metamodel Patterns-
oriented for Integration of the Requirement Elicitation
Process;
9) 2009 - Ashok, B.; Joy, Joseph; Liang, Hongkang; Raja-
mani, Sriram K.; Srinivasa, Gopal; Vangala, Vipindeep -
DebugAdvisor: A Recommender System for Debugging;
10) 2009 - Cataldo, Marcelo; Herbsleb, James D. - End-to-
end Features As Meta-entities for Enabling Coordination
in Geographically Distributed Software Development;
11) 2012 - Tajalli, Hossein; Medvidovic´, Nenad - A Refer-
ence Architecture for Integrated Development and Run-
time Environments;
12) 2012 - Devos, Nicolas; Ponsard, Christophe; Deprez,
Jean-Christophe; Bauvin, Renaud; Moriau, Benedicte;
Anckaerts, Guy - Efficient Reuse of Domain-specific
Test Knowledge: An Industrial Case in the Smart Card
Domain;
13) 2013 - Saraiva, Juliana - A Roadmap for Software
Maintainability Measurement;
14) 2013 - Lin, Jun - Context-aware Task Allocation for
Distributed Agile Team;
15) 2014 - Wagstrom, Patrick; Datta, Subhajit - Does Lat-
itude Hurt While Longitude Kills? Geographical and
Temporal Separation in a Large Scale Software Devel-
opment Project;
16) 2014 - Murphy, Gail C. - Getting to Flow in Software
Development;
17) 2015 - Lima, Adailton Magalha˜es; Reis, Rodrigo Quites;
Reis, Carla A. Lima - Empirical Evidence of Fac-
tors Influencing Project Context in Distributed Software
Projects;
18) 2019 - Murphy, Gail C. - Beyond Integrated Develop-
ment Environments: Adding Context to Software Devel-
opment;
After fully reading the 18 articles, the articles which had
the content according to the defined research questions and
inclusion and exclusion criteria are presented in Table II. The
LR is then analyzed in the next subsection.
4) Analysis Phase: In this section, we present the findings
of the articles retrieved by the literature review search string
method. Each of the nine specific research questions are
discussed.
RQ1: What are the types or classifications of the context?
Regarding the first research question, the types or classi-
fication of context vary. A2, A3 and A5 explicitly mention
project task context. These articles define task context as the
information around a project task or the relationships in an
information space that are relevant to a software developer as
they work in a particular task. There is a recent work that
has not been indexed yet that also studies project task context
[17]. A1 mentions context in a more broad and integrative
perspective, by listing the following existing contexts: Static
software structure, Dynamic system execution, Historical ar-
tifact changes, Developer activity, and Team and organization
activity. The Historical artifact changes proposed by A1 can
also relate to the context suggested by A5. A4 proposes
context around the error scenario, meaning that the context
proposed are natural language text, textual rendering of core
dumps or the debugger output of errors that might occur when
developing software.
RQ2: Is there a model specification technique used?
For RQ2, none of the works mention whether there are
model specification techniques used for the proposed contexts.
RQ3: What are the goals or purpose of context?
Regarding RQ3, the objectives of the contexts are clarified.
For article A1, each proposed context has a specific goal. The
context type is listed below, followed by its purpose.
• Static software structure: IDEs provide static source code
artifacts as context to tools hosted in the environment.
• Dynamic system execution: Context in the form of
dynamic execution information about a system under
development.
• Historical artifact changes: Tools that access historical
information about a system’s static artifacts.
• Developer activity: Context about how humans work
to produce the system, and not necessarily what was
generated during the system’s production. An example
is Mylyn’s degree of interest.
TABLE II
ARTICLES RETRIEVED FROM SEARCH STRING SEARCH.
ID Year Authors Title
A1 2019 Murphy, Gail C. [8] Beyond Integrated Development Environments: Adding Context to Software Development
A2 2014 Murphy, Gail C. [13] Getting to Flow in Software Development
A3 2013 Lin, Jun [14] Context-aware Task Allocation for Distributed Agile Team
A4 2009
Ashok, B.; Joy, Joseph;
Liang, Hongkang; Rajamani, Sriram K.;
Srinivasa, Gopal; Vangala, Vipindeep [15]
DebugAdvisor: A Recommender System for Debugging
A5 2004 CˇubraniC´, Davor; Murphy, Gail C.;Singer, Janice; Booth, Kellogg S. [16] Learning from Project History: A Case Study for Software Development
• Team and organization activity: Treating the activities
across a value stream as context.
A2 states that the use of task context can approximate task
context by either capturing developers’ interactions or using
data from repositories. The context is then used to determine
if the information captured or used is relevant to new tasks
that will be performed.
A3 applies task-related information to produce task allo-
cation recommendations. A4 employs error texts to create a
query which could be kilobytes of structured and unstructured
data containing all contextual data for the issue being de-
bugged. This query allows users to search through all available
software repositories (version control, bug database, logs of
debugger sessions, etc.). Finally, A5 explains that storing con-
text information (Person, Message, Document, Change Task
and File version) can be used to create a project memory from
the artifacts and communications created during a software
development project’s history. Using this context information
can facilitate knowledge transfer from experienced to novice
developers.
RQ4: In what step/phase of the software development the
context focus?
Regarding RQ4, A3, A4 and A5 mention where during the
software development, the context should be used. A3 explains
its proposed approach should be used during the planning
when tasks are being allocated to software developers; A4
states that their proposed context focus on the occurrence of
bugs as A5 explains their proposed context can be manipulated
during coding or when bugs occur.
RQ5: Is there any evaluation(s) performed?
Regarding evaluation, subject of RQ5, A1 and A2 do not
present any performed evaluation. A3 mentions that a tool was
built and evaluated, presenting better results than the tool being
used as a comparison. A4 explains the performed evaluations
returned useful results (bugs resolutions) for 75% of the cases
tried. Finally, A5 performed a qualitative evaluation regarding
the effective use of history information by newcomers within
the developed tool that implements the contexts. Results, when
tasks are considered complex, are very prominent as
”the examples of previous changes provided by
Hipikat were helpful to newcomers working on the
two change tasks. The recommendations were used
as pointers to snippets of code that could be reused
in the new tasks and as indicators of starting points
from which to explore and understand the system.
Without such help, it is hard for a newcomer to a
project even to know where to begin.” [16]
RQ6: Are there identified limitations or gaps when using
context?
Regarding gaps found, answering RQ6, A1 mention that
for the historical artifact changes context type, although many
research tools have been proposed that use historical infor-
mation, few tools are available to practicing developers. A4
mentions that duplicate bug reports can occur because of code
clones, which can hamper evaluation results. None of the other
articles mention gaps.
RQ7: What are the advantages or disadvantages of this
context? We want to explore the pros and cons of the context
retrieved from the literature.
Regarding RQ7, A1 mention as advantages for the His-
torical artifact changes the fact that task contexts enable
developers to be more productive by making it easy to recall
the source code associated with a given task and by allowing
other tools, such as content assist, to order information based
on work performed as part of the task. As for the Team
and organization activity context, the author of the same
articles explains that this context enables the correlation of
downstream effects with upstream choices and would open
new opportunities for feedback to be provided to developers
as development is undertaken. As a disadvantage of this type
of context, it is mentioned that this context is still unexplored.
A2 mentions as an advantage the fact that a task context can
be used to support an interaction style with the increased flow
that reduces the information shown to a software developer
and enables parts of different information spaces to be related
automatically. A3 mentions as an advantage the fact that
the tool built to work based on context helps to alleviate
a common problem, that is, that tasks were allocated more
often to experienced developers, while the less experience ones
received a fewer number of tasks to perform. The other works
do not mention advantages or disadvantages.
RQ8: How are the context instances mined?
Regarding RQ8, A3 presents instances as recommendations
of who should resolve a task through a tool. A4 suggests
as instances the recommendations of information from bug
databases considering queries of contextual information about
an issue. Finally, A5 describes as instances the recommenda-
tion of artifacts that should be edited according to the captured
project history.
RQ9: Are there any abstractions?
For RQ9, no works mention abstractions.
A summary of findings is presented in Tables IV and V.
B. Snowballing Search
For the area of software engineering context, the term
”context” is broad and there are variations in the nomenclature
in literature. Therefore, we also implemented snowballing
[18], as an attempt to mitigate this problem with the term
context.
The papers retrieved from the literature review were used as
seed for the snowballing literature study. From the seed papers,
we have performed a backward snowballing search step [26],
i.e., we have looked at all their references, going backward in
the citation graph. We stopped the process within the first set
of collected papers. After we selected the papers, we have also
collected information regarding the research questions from
these papers.
For the backward snowballing (reference search), 87 papers
were extracted from the references from the five seed papers.
After deleting the duplicates, 81 papers were left. The title and
abstract of each paper was read, looking for papers according
to the objectives set in Section II-A1. After title and abstract
exclusion, 14 papers were selected for full reading. Duplicate
publications about the same solution in different proceeding
or transactions were excluded. After fully reading the articles,
7 papers were selected for analysis, according to the same
inclusion and exclusion criteria used during the Search String
Search step. These papers are presented in Table III.
These papers were fully read and relevant information about
each of them was included in Table IV and Table V. These
articles are identified by the ID ”SBAx” in the table.
C. Further Discussion
We have noticed that the first round of articles had articles
from 1977 until 2019. However, the selected articles ranged
from 2003 to 2019. The majority of the articles use context as
the information around project tasks and the information about
the tasks. One article also considers the information from
errors raised during software development. All the instances
of the contexts mentioned were aiming at recommending
information to software developers. The advantages and dis-
advantages were very specific to each proposal. We could also
perceive that the contexts of the articles analyzed are within
different steps of the software development cycle, although
using the same information (project task context), from which
it can be infered that a platform can be built for more than one
step of the software development exploring multiple purposes
of the same context information.
III. ADAPTIVE CONTEXT-AUGMENTED FRAMEWORK FOR
SOFTWARE DEVELOPMENT PROJECTS
A. The Big Picture
Due to the variability of context observed in the literature
review (environment, people, domain), we propose a frame-
work to capture the software development context, monitor
the possible variabilities and recommend to developers specific
knowledge and potential next steps.
Context can be defined as something that is part of an
environment and can be sensed. A more specific definition
applied to software engineering, proposed by Murphy [8] is
that it ”is the information about the system under develop-
ment and the environment and process in which the system
is being developed”. A system that can respond to these
possible mutable scenarios (e.g., domain, process, technologies
involved, people) beats methods that are not prepared for these
contextual changes [27].
As we aim to develop an adaptive context framework, we
propose a framework based on the observed context variability.
Therefore, the following modules are proposed: (i) the soft-
ware development project where the context model will be
applied to; (ii) a baseline of a reconfigurable context model;
and (iii) an engine that adapts machine learning models to
the context model and provides recommendations to software
developers. A high-level framework representation is shown
in Figure 1.
Fig. 1. Proposed high-level adaptive context-augmented framework for
software development projects.
An example of a possible context model, according to the
information retrieved in the literature review is presented next.
B. Context Model Example
This Context Model proposed as part of the Adaptive
Context-Augmented Framework in Figure 1 is based on the
context types (RQ1) identified in the Literature Review (Sec-
tion II). We do not claim this model is final; we use the
model as a basis to understand some of the possible contextual
variabilities and to guide us to produce practical examples. The
Context Model is presented in Figure 2.
An illustrative example on how this model can be used and
integrated with the proposed framework is presented next.
C. Illustrative Example
Gabi is a software developer that has been working with
Java programming for nine years. She has been recently
working in project X, a new project of the company. When
there is a new project, and Gabi needs to create an MVP
to show her clients, she deploys the software locally, using
a container tool such as Docker and manually uploading the
TABLE III
ARTICLES RETRIEVED FROM SNOWBALLING SEARCH LITERATURE REVIEW.
ID Year Authors Title
SBA1 2017 M. Gasparic, G. C. Murphy, and F. Ricci [19] A context model for IDE-based recommendation systems
SBA2 2018 N. C. Bradley, T. Fritz, and R. Holmes [20] Context-aware Conversational Developer Assistants
SBA3 2003 D. Cˇubranic´ and G. C. Murphy [21] Hipikat: Recommending Pertinent Software Development Artifacts
SBA4 2014 L. Ponzanelli, G. Bavota, M. D. Penta, R. Oliveto, and M. Lanza [22] Prompter: A Self-Confident Recommender System
SBA5 2007 F. W. Warr and M. P. Robillard [23] Suade: Topology-Based Searches for Software Investigation
SBA6 2005 R. Holmes and G. C. Murphy [24] Using Structural Context to Recommend Source Code Examples
SBA7 2006 M. Kersten and G. C. Murphy [25] Using Task Context to Improve Programmer Productivity
Fig. 2. Context Model.
project to a web server. She also reboots the server manually
after each deployment, so changes are effective. This way is
faster, and she does not have to configure a job or a server
to generate a deployment automatically, which would take her
long and the cause the clients to wait much longer for the
MVP.
In project Y, a mature and huge project in the company,
when a version of the software has to go to production,
all Gabi does is to commit the code from the local to the
shared code repository. Then, the scheduled automated job
in a Jenkins server will take care of the other steps, which
are checking out the code, building the project, uploading the
package on the server and rebooting the server.
In theory, the steps are the same, but because the projects
are different, Gabi’s work is different, which means that in the
second case, the context model should be expecting Project in-
formation or project phase information (MVP / in Production),
which defines how the deployment will be done. If Gabi, who
has been working in project Y for years, forgets she needs to
deploy Project X manually, this can be a problem. In this case,
the context model should be adapted to recognize and store
the project identification context (including the phase/maturity
of the project), and should be as shown in Figure 3. This
figure also shows several other contextual Project attributes,
including team expertise, hardware and software technologies,
IDE tools, as well as location and timezone, that can also
influence Gabi’s work.
Fig. 3. Extended Context Model.
IV. CONCLUSIONS
The purpose of the current study was to determine how
software development context is captured in the literature and
propose a preliminary context model that can serve as a foun-
dation to support the identified context. These are the first steps
to a solution that explicitly considers software development
context to provide in-depth contextual knowledge to software
projects throughout a project life cycle. Prior studies have
noted the importance of the presence or absence of context
information, and how it can influence recommendations during
software development [17]. The proposed framework should
then be adaptive to the contextual factors that are available
and provide recommendations accordingly.
Although context for software development is a subject ex-
plored through research, no work recognizes context broadly,
unitedly or as a big data problem. With the results of this
work, we hope to provide a basis for future reference and
research. Future work involves gathering datasets to add more
context information (if new context should be added) and
further investigating the challenges that can arise from this
proposal.
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